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Tbe present invention relates to processes for the production of i ^ 

fiee of eicosapentaneoic add. The invention also rdates to compositions containing nb having 

in triglyceride forni. and to uses of such oils. In a prefimtd embodiment. MortiereUa alpina is i 

triglycoide ml having paiticulariy high levels ai aradiidonlc add residues, biomass is harvested and i 
■ as an additive for in' " 



which preferably are substantially 
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ARACHIDONIC ACID AND METHODS FOR THE 
PRODUCTION AND USE THEREOF 
FIELD OF THE INVENTION 

This invention relates to tbe production of arachidonic acid, to 
5 conqiositions containii^ arachidonic acid and to uses thereof. 
BACKGROUND OF THE INVENTION 

AnuAidraic acid (ARA) is a loitg chain polyunsaturated fatty acid 
(PUPA) of the oinega-6 class (5, 8, 11, 14-eicosatetraenoic acid, i.e., 20:4). 
ARA is the most abundant C^ PUFA in the human body. It is particularly 

10 prevalent in organ, muscle and blood tissues, serving a major role as a structural 
lipid associated predominantly with phospholipids in blood, liver, muscle and 
other major organ systems. In addition to its primary role as a structural lipid. 
ARA also is the direct precursor for a number of circulating eicosenoids such 
as prostaglandin Ez (PGEj), prostacyclin I, (PGI,). thromboxane A, (T^Aj). and 

IS leukotirenes B4 (LTBJ and C4 (LTCJ. These eicosenoids exhibit regulatory 
effects on lipi^rotein metabolism, blood rheology, vascular tone, leucocyte 
function and platelet activation. 

Despite its importance to human metabolism, ARA cannot be synthesized 
in humans d£ ooyQ. ARA is synthesized by the elongation and desaturation of 

20 linoleic acid (LOA), an essaitial fatty acid. This process requires the presence 
of the enzyme A6-desaturase, an enzyme present in the human body in low 
levels. Burre et al.. Lijujis, 25:354-356 (1990). Accordingly, most ARA must 
be provided in the diet, and this is eq)ecially inqx>rtant during times of very 
rapid body growth, such as infancy. 

25 During tbe first year of its life, an infant can double or triple its weight. 

Consequemly, elevated levels of dietary ARA are required. To satisfy this 
increased demand, human breast milk contains high levels of ARA. Sanders et 
al.. Am J riin Nutr- 31:805-813 (1978). ARA is the most prevalent Cjo 
PUFA in breast milk. Of diose modiers, especially vegetarians, who do breast- 

30 feed their infants, many would benefit firom additional dietary ARA. However, 
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many mothers do not breast feed their inflBiits. or do not breast feed for die 
entire period of rapid infimt growth, choosing instead to utilize an infant 
formula. 

No commercial infiant formulas known to ^plicant contain ARA in 
5 triglyceride form. U.S. Patent No. 4,670,285 (Clandinin et al.). incorporated 
herein by reference, discloses the infant's requirement for fatty acids inchidiiig 
ARA. To provide these fetty acids. Clandinin et al. suggest a blend of egg yolk, 
fish oil or red bkxxl cell phospholipids and v^etable oils as the fet component 
of a proposed infent fonnula. However, fish oil contain high quantities of 

10 eicosapentaneoic acid (EPA). EPA is known to depress ARA synthesis in 
infants. Carlson, et al.. mEQRM. 1:306 (1990). Thus, it would be desirable 
to be able to provide ARA widiout also providing additional EPA. Furthermore, 
egg yolks contam a relatively low concentration of ARA. such that Qandinin et 
al. 's mixture is not economically viable. 

15 Because ARA is present in animal, but not v^etable, oils, its production 

in commercial quantities has remained a desirable, but elusive, goal. Shinmen. 
et al., Microbiol. Rinterh 31:11-16 (1989), have reported the production of 
ARA by an isolated fimgus, Mortierella alpina, using conventional stirred tank 
fermentation. (See also Japanese Patent 1,215,245 to Shinmen et al.). After 

20 culturing, die organisms are harvested, dried and tiieir lipids extracted from the 
fungal bicnnass with an o^anic solvent and the lipids chemically (covalentiy) 
modified. For exan^le. the lipid nuxture is hydrolyzed or converted to efliyl 
esters and dien combined widi cyclodextrin prior to use as a dietary supplement. 
Shinmen et al. do not disclose or suggest flie administration of unmodified 

25 micn4>ial oils. 

Porphyridium cruentum, a red microalgae, can be grown in ponds in 
large quantities and has a lipid content which can contain up to 40% ARA. 
Ahem, et al. BiQladk ^asoSU 25: 1057-1070 (1983). Unfommately. die ARA 
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is primarily associated with galactolqrids, a coiiq>lex polar lipid not present in 

breast milk. Thus, not only is the total usable ARA produced a fraction of one 

percent of the biomass, but the fonn of Hbe ARA is not suitable for use as an 

additive to in£uit formula without further modification. 
S U.S. Patent No. 4,870.011 (Suzuki et al.) discloses a m^bod for 

obtaining lipids such as Y-liiK>lenic acid from fiingi of the genus Mortierella. 

The Y-linolenic acid is purified from die mixture of lipids contained in the fiingi. 
DE 36O3O0OA1 (Milupa) discloses a highly polyunsaturated acid fat 

mixture and its use as the fat component of an infant formula. The fat mixture 
10 has a high content ofARA and docosahexanoic(DHA) acids in a ratio of 2.5:1 

respectively, as well as a high amtent of cholesterol. Sources of tte fatty acids 

are listed as being certain types of macroalgae, fish oils, organ fats from beef 

and pork or highly refined egg yolk oil. A source of die DHA and ARA is said 

to be macroalgae of the phaecophyte and ifaodqihyte types. There is no 
IS suggestion to use any microbes as a source of oil. Algal and fish oils also 

typically mchide EPA v/hkh depresses ARA synthesis in xiXQ- Additionally. 

highly refined egg yolk oil is not an economical source of ARA. Moreover. 

there is no disclosure therein of an ARA-concentrated additive for suj^lementing 

pre-existing infant formula. 
20 Accordingly, there remains a need for an economical, commercially 

feasible m^hod of producing ARA, preferably without concomitant production 

of EPA. It is an object of the present invention to satisfy that need. 

It is a further object of die inventkm to provide an additive, and a source 

for that additive, for use in an in&nt formula such tiiat the ARA levels in die 
25 formula approximate those levels in human breast milk. 

It is an additional object of this invention to provide an ARA-containing 

fimgal oil for use in enteral, parenteral or dermal products. 
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SUMMARY OF THE INVBNTinW 

This invention relates to the production and use of aradiidonic acid 
containiQg fuqgal oil (ARASCO) and to ccm^ositions containing such oUs. The 
oil can be referred to as a single cell oil. Fungi are cultivated under oil- 
5 producing conditions, harvested and tte oil extracted and recovered. The oil. 
without further chemical noodification. can be used directly to provide 
supplemental ARA to persons requiring such, including newborn infiants, 
pregnant or nursing women or persons exhibiting ARA-deficioit pathologies. 
Advantages of the invention include its ease of production, and high purity, and 

10 lack of detectable amounts of EPA. 

DETAn.ED DRSntlPTlON OF THE FREFKRRKn KMBOPIMieNTR 

"ARA" and "EPA" are also used herein to refer to residues of 
aiachidmiic acid and eicosi4)entaneoic add, respectively. M/bae the residues are 
esterified to glycerol as part of a fiatty ai^l triglyceride or a phosphoIq)id. As 

15 used herein, a composition is "essentially fiee of EPA" when the residual 
amount of EPA in the composition is less dian the amount that would depress 
ARA synthesis when tte con^XKition is used as a nutritional supplement. The 
presem invention succeeds in providing an economical source of aradiidonic 
acid (ARA). 

20 In one embodiment, this invention relates to a m^od for the production 

of an aradiidonic add-containmg fimgal oil (ARASCO) which is substantially 
free of dcossQ)entaneoic add (EPA). As used herein, "substantially fiee" means 
diat die EPA is presoit in less than about om fifOi of the amount of ARA in the 
oil. This oil. a single cell oil, can be administered directly, in an unmodified 

25 form. As used herein "unmodified" means that the chemical properties of the 
faay adds, or the oils thnnselves, have not been covalently altered. Thus, for 
exanqile, a temporary modification to the ARASCO or ARA which could be 
reversed following uptake of the oil would not be beyond the scope of this 
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inventioD. 

UmiMdified fimgal oils according to diis invention provide triglycerides 
in which a relatively high pnqxntion of Ae fatty acid residues are ARA 
(prefiaably at least 40% of the fatty acid residues are ARA, more preferably at 
5 least 50% of the residues are ARA). and the ratio of ARA residues to EPA 
residues is also high (at least 5:1, preferably at least 20:1, w/w). Such an oil 
from natural sources has not been described prior to the present invention. 
While triglycerides with sudi ccnnposition may be chemically synthesized (e.g.. 
by esterifymg free fatty acid mixmres high in ARA or transesteriiymg with ediyl 
10 estersofsuchafetty acid mixture), the manipulation of the fetty acid mixture 
(e.g., purification, esterification. etc.) may httroduce unwanted side-products. 
In contrast, the method of diis invention provides triglycerides having the 
desired conqx)sition by extraction from natural sources. 



15 Table 1. Fany Acid Conqxsition of Several Fintgal Species 
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Of those fungal species which previously have had their htxy acids 
characterized, it has been found that most do not make ARA. Weete, J.D., 
Fungal Lipid BiQChemistry. Plenum Press. N.Y. (1974). Of those species which 
do make ARA, many, including all previously characterized Pythium species, 
S produce significant quantities of eicos^)entaenoic acid (EPA) in addition to 
ARA. Table 1 sets forth the fatty acid profile of P. insidiosum as well as the 
fatty acid proffle of other species of fungi. Unexpectedly, it has been found that 
P. insutiosum produces ARA without concomitant production of EPA. As with 
fish oils, high EPA levels m dietary siqiplements result in a depression of the 

10 ability to form ARA from dietary linoleu: acid (LOA). Accordingly, while those 
fimgal species producmg both ARA and EPA can be utilized in the process of 
this invention, it is preferable to use species which do not produce significant 
quantities of EPA. Such preferred species include Pythium insidiosum and 
Mortieretta aipina. Both species are available commercially and are on deposit 

IS with the American Type Culture Collective in Rockville. Maryland, having 
accession numbers 28251 and 42430. respectively. P. insidiosum and M. alpina 
have been used as represeittative fungal species throughout this disclosure. Of 
course, other ftmgal species which produce triglyceride containing ARA and 
reduced EPA as described herein are also contemplated within this invention. 

20 One of the significant problems which an embodiment of the present 

invention overcomes, is the depression of ARA biosynthesis in in&nts caused 
by the presence of enhanced dietary levels of EPA. This problem can be 
corrected by providiug ARA for use in infant formula at levels substantially 
simiter to those found in human breast milk. Typically in human breast milk, 

25 the ratio of ARA:EPA is about 20:1 respectively. The present invention 
specifically contempkites any microbial oil which provides a sufficient amount 
of ARA to overcome the negative effects of dietary EPA. Preferably, the use 
of the ARA-containing oil will result in an ARA:EPA ratio of at least about 5:1. 
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More preferably, the ratio will be at least about 10:1 and, most preferably, it 
will be at least about 20:1. As can be seen, tbe higher the amount of ARA in 
the end product, with respect to the amount of EPA, the more desirable is die 
result. 

5 In a process of the present invention, the iiingi are cultivated under 

suitable ARA-containing oil producing cultivating conditions. In general, 
techniques of iimgal cultivation are well known to those of skill in the art and 
those techniques can be applied to die present inventive process. For exanqile, 
cultivation of an inoculating amount of fiugus can occur in submerged culture 
10 in shake flasks. The flasks are provided with a growth medium, seeded with 
fimgal mycelium, and grown on a reciprocating shaker for about three to fbur 
dajrs. 

The conqiosition of the growth medium can vary but always contains 
carbon and nitrogen sources. A preferred carbon source is glucose, amounts of 

15 which can range from about 10-100 grams glucose per liter of growth medium. 
Typically about 15 grams/liter are utilized for shaker flask culmre. The amount 
can be varied depending upon the desired density of the fuial culture. Other 
carbon sources which can be used include molasses, high fructose com syrup, 
hydrolyzed starch or any other low cost conventional carbon source used in 

20 fermentation processes. Additionally, lactose can be provided as a carbon 
source for P. insidiosum. Thus, whey permeate, which is high in lactose and 
is a voy low cost carbon source, can be used as a substrate. Suitable amounts 
of these carbon sources can readily be detennined by those of skill in the art. 
Usually, additional carbon needs to be added during the course of die 

25 cultivation. This is because the oiganisms use so much carbon that adding it all 
in a batch mode could prove unwieldy. 

Nitrogen Qrpically is provided in die form of yeast extract at a 
concentration of fhmi about 2 to about 15 grams extract per liter of growth 
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medium. Preferably, about four grams per liter are provided. Other nitrogen 
sources can be used, induding peptone, tiyptone, com steep liquor, soy flour, 
hydrolyzed vegetable protein, etc. The amoum to be added of these sources can 
easily be detennined by diose of skill in the art. Nitrogen can be added in a 
5 batch mode, i.e. all at one time prior to cultivation. 

After cultivation for 3-4 days at a suitable tenq)erature, typically about 
ZS-SO'C, an amount of fungi has grown which is sufficient for use as an 
inocuhim in a conventional stirred tank fimnoitor (STF). Sudi fennentors are 
known to those of skill in the art and are commercially available. Feimentation 
10 can be carried out in batch. fed4)atch, or continuous fennentation modes. 

Preferably, the STF is equipped with a marine inipeller. although a Rushton-type 
turbine uaq)eUer can also be used. 

The fermentor is prepared by addiiig the desired carbon and nitrogen 
sources. For exanq>le. a 1.5 liter fermentor can be prepared by mixing about 
15 50 grams of ghicose and about 15 grams of yeast extract per liter of tap water. 
As previously discussed, other carbon or nitrogen sources or mixtures thereof 
can be used. 

The reactor containing the nutrient solution should be sterilized by, for 
exanq)le. heating prior to inoculation. After cooling to about 30°C, the 

20 inoculum can be added, and cultivaticm initiated. Gas exchange is provided by 
air sparging. The air sparging rate can vary, but preferably is adjusted to from 
about 0.5 to about 4.0 WM (volume of air per volume of fermentor per 
minute). Preferably the dissolved oxygen level is kept at from about 10% to 
about 50% of tfjc air sattnation value of die sohnion. Accoidiiigly , adjustments 

25 in the sparge rate may be required during cultivation. Agitation is desirable. 
The agitation is provided by the impeller. Agitation tip speed preferably is set 
within the nmge of from about 50 cm/sec to about 500 cm/sec, preferably from 
about 100 to 200 cm/sec. 
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In geimal. die amount of inocuhim can vaiy . Typically, from about 2% 
to about 10% 1^ volume of inoculum can be used. Preferably, in a fennoitor 
seed train about 5% by volume of inoculum can be used. 

Nutrient levels should be monitored. When glucose levels dn^ below 
5 5 g/1, additioml glucose should be added. A typical cultivation cycle utilizes 
about 100 grams of glucose and about 15 grams of yeast extract per liter. It is 
desirable to deplete the nitrogen during the course of the cultivation as this 
enhances oil production by die fimgi. This is espedaOy true when M. tilpina is 
used as the production organism. 

10 In a particulariy prefored embodiment. MortiereUa alpina with high oil 

content in c h idi n g high levels of ARA may be cultured in a fermentor using very 
high nutrient levels. It has been uneiqiectBdly discovered that levels of nitrogen- 
amtaming nutrient in excess of that provided by IS grams/liter of yeast extract 
may be added at die beginniiig of die fermentation, so long as the total amount 

15 of carbon-containing nutrient added during the fermraitation is conqiarably high. 
The total amoum of carbon nutrient, preferably fed continuously or 
intermittently for the first 25-50% of the fermentation time course, or in aliquots 
at multiple time points over die same portion of the time course, will preferably 
be equivalent to 75-300 grams of glucose per liter of culture medium (C:N ratio 

20 i 5:1, expressed as w/w glucose:yeast extract). In an especially preferred 
mode, die nitrogen nutrient is soy flour, added at a level of about 16 grams per 
Uter of medhnn, and the carbon nutiiem is present mitially at a level equivalent 
to about 80 grams of ghicose or greater. When using high levels of carbon and 
nitrogen nutrients, it is preferable to sterilize solutions co ntainin g the two 

25 nutriem solutions separately. It has also been discovered diat biomass yield may 
be enhanced for fermentations containing high levels of carbon nutrients by 
withholding part of the nitrogen nutrient and feeding the remaining nitrogen 
nutrient continuously or in one or more aliquots during the course of the 
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fennratation. 

Occasionally, the culture will produce an excessive quantity of foam. 
Optionally, an antifoaming agent, sudi as those known to tfiose of skill in the 
art, e.g. Mazu 310* or vegetable oil, can be added to prevent foam. 

5 The temperature of cultivation can vary. However, those fimgi which 

produce both ARA and EPA tend to produce less EPA and more ARA when 
cultivated at higher temperatures. R>r example, wten Mortierella alpina is 
cultivated at less than IS'C, it b^ins to produce EPA. Thus it is prefen^le to 
maintain die tenqierature at a level which induces the preferential production of 

10 ARA. Suitable temperahires are ^ically from about 2S°C to about iO'C. 

Preferably, cultivation continues until a desired biomass density is 
achieved. A desinible bi(nnass is about 25 g/1 of die organism. Such a biomass 
typically is attained within 48-72 hours after inoculation. At this time, the 
otganisms typkally contain about 5-40% complex Iqiids, i.e. oil, of whidi about 

15 10-40% is ARA or preferably at least 40% ARA residues in the triglyceride 
fraction, more preferably at least 50% ARA in the triglyceride fraction, and can 
be harvested. 

Fungal fermentation for ARA production according to this invention may 
be carried out in fermentation medium with pH between about 5 and 8. 

20 However, yields of biomass, oil and ARA from cultures of M. alpina can be 
enhanced by profiling tte pH of the medium, rather than allowing uncontrolled 
pH rise. Yiekls may also be enhanced by maintaining high oxygen levels durii^g 
the fermentation. These modifications of fermentation procedure are eqiecially 
effective; when using high nutrient levels in the fermentor. 

25 When the initial nitrogen nutrient level exceeds the equivalent of about 

IS grams of yeast extract pa- liter, and/or the carbon nutrient level exceeds die 
equivalent of about 150 grams glucose per liter, growth of iiuigi may be 
inhibited. This growth inhibition may be overcome by fed batch fermentation. 
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for exaiiq>le by dividing the mitrient for the fermentatioii into aliquots vftach are 
fed into the fennentor sequentially, once part or all of the mitrioit supplied by 
the previous aliquot has been metabolized. The benefit of overcoming growth 
inhibition may be accomplished by feeding only the carbon nutrient (see 
5 Shinmen, et al.)- It has been discovered that this benefit may also be obtained 
by dividing the total nutrient into aliquots and feeding the aliquots during the 
fermentation, or by feeding the nutrient solution continuously. Similarly, it has 
been une^qiectedly been discovered diat the benefit may be achieved by feeding 
the nitrogen nutrient only to a fiermentation in which the carbon nutrient is 

10 i»resent mitially at a high level. 

It has also been une}q)ectedly discovered diat growth inhibition can be 
mitigated pH profiling of the finrmentation, by maintai ning high o^^gen 
tension in the fennentor. or both. It has been discovered that fermentation of 
M. alpina in high nutrient media at low pH (pH » S-6) lesults in enhanced 

IS biomass growth (and also in increased oil yield). However, the oil produced 
under these conditions has lower levels of ARA residues in the oil. 
Contrariwise, fomentation at high pH (pH = 7-7.5) results in increased levels 
of ARA in the oil, but poorer growth. In a preferred mode, the fermentation 
m^hod of this invention involves pH profiling wh^in the pH is low during the 

20 early stages of the fermentation and high during the late stages. Early stages 
include periods of i^pid (exponnitial) growA during which nutrients are r^idly 
metabolized; late stages include the stadonaiy phase, when cell division is 
arrested, usually due to insufficiem amounts of one or more nutrients, and the 
production of ARA-rich oil is enhanced. Profiling can be done by controlling 

25 fennentor pH at levels that are adjusted in two or more steps spaced over the 
fermentation period. 

It has likewise been discovered that maintaining the dissolved oxygen 
contem of the medium (D.O.) at high levels (e.g., ^40% of air saturation level) 
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will result in relief of the growth nihibition by high nutrient levels and/or 
increase the relative level of ARA residues in the oU. The D.O. may be 
mauitained at a high level by increasing vessel pressure (forcing more air into 
die fennentor head space), increasiqg agitation (e.g. , increasing the in^ller tip 
5 speed), and increasing aeration (i.e., increasing the amount of air passing 
dux)ugh the fermraitor in a given time, usually expressed as increase in WM, 
volumes of air per fermrator volume per minute) and/or by increasing the O2 
content of die qnrge gas. Fermentation imder diese conditions has been found 
to increase carbon utUization. resultii^ in higher final bi(nnass concentration and 

10 greater productivity of ARA-rich oil m die fermeittor. In particular, 
fermentatitxis incoiporatinig of one or more of the above modifications result in 
production of extractable triglyceride oil havii^ at least 40% ARA residues, and 
preferably at least 50% ARA residues. 

In a particularly preferred embodhnent. die fermentation medium 

15 contains carbon nutrient equivalent to 28O g/L ghicose and nitrogen nutrient 
equivalent to 2 16 g/L yeast extract, and the medium is adjusted to pH between 
5 and 6 subsequent to sterilization. After inoculation, the pH of the medium is 
controlled at or slightly above its initial level. Once the carbon nutrient level 
has dn^^ to s60 grains glucose equivalent/liter (usually about 48 hours), the 

20 set point for pH control is changed to about pH 2 6. At or about die time when 
die oxygen uptake rate (and/or die carbon dioxide evolution rate, CER) reaches 
its m a xhnum (usually after about 72 hours), die setpoim is raised to pH between 
6.5 and 7 (usually nicreinentally, e.g.. at a rate of about 0. 1 pH units per hour). 
The pH is dien controlled to keep it below about pH = 7-7.5 for die final stages 

25 of the fermentaticHi. 

For diis embodiment, dissolved oxygen level in die medium (D.O.) is 
maintained near or above 40% of air sahiration level, preferably by sequentiaUy 
increasing vessel pressure to 11 psi, increasing agitation to the equivalent of 
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about 300 on/sec 'uapcUer tip speed, and increasing aeration to about O.S 
volumes ofair per fermemor volume per minute. After a period of rapid giowtfi 
and high Oj iqrtake by the fermentation, growth (and O2 uptake) will deciease. 
Agitation/aeration can be reduced at this point, so long as D.O. is maintained 
5 at a high level, usually above about 40% air sauvation. 

By optimizing the fermentation of M. a^ina as described herein, it is 
possible to obtain very high yields of biomass containiqg 20-60% oil in the 
biomass. where 25-70% by weight of the oil is ARA residues in triglyceride 
form. The biomass (and oil) may be harvested as described herein. Preferably, 
10 biomass will be harvested from the fermentor within 48 hours of reacMqg 
maximum productivity, measured as grams ARA/L/day. 

Harvesting can be done by any suitable method such as, for example, 
filtration, oentrifiigation, or spray dryiiig. Because of lower cost, filtration may 
be preferred. 

15 After harvesting, the n^celial cate can be exttacted. The mycelial cake 

refers to the collectkm of biomass resulting after harvest. The cake can be loose 
or pressed, criunbled or uncrumbled. Optionally, the cake can have any residua] 
water removed, as by vacuum drying, fluid bed drying, spray drying or 
lyophilization, prior to extraction. If diis opixan is selected, it is preferable to 

20 use noi^lar solvents to extract the ARA-containing oil. While any non-polar 
extract is suitable, texane is preferred. 

In a preferred embodnnent, oil is extracted ftnm the dried biomass by 
wet grinding or percolation witii virgin hexane. Solvent is usually added at a 
solvem-to-biomass ratio of about 5:1 (w/w). After wet grinding, solids are 

25 sq)arated from the extract by decanting or centrifiigation. It is advantageous to 
maintain the solvent-containing extract (miscella) anaerobically to avoid 
oxidation of the unsaoirated fatty acid residues in the oil. Miscella is 
desolventized to produce a crude fungal oil. 
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Crude oil extracted trom fimgal biomass with non-polar solvents can be 
doudy. particularly when die biomass is ground, because grinding may release 
fine particles such as cell wall fragments and soluble polysaccharides. 
Clarification of such cloudy oil may be acconq>lished by dissolving the crude oil 
5 in more polar solvoits, sacb as ac^ne or alcohol. In a preferred embodiment, 
crude oil extract of fungal mycelia is further clarified by acetone 
extraction/precipitation. An acetone miscella is prepared by adding acetone to 
cloudy crude oil extract (preferably to a level of about 20% oil; i.e., about 4 
volumes of acetone per volume of crude oil), mixing thoroughly and allowing 

10 die mixnire to sumd for a period sufficient for precipitation of die fine particles 
(usually about an hour roran tonperatuie). The oil-containing acetone miscella 
is dariiied 1^ centrifiigation and/or filtration, and dien desolvouized to produce 
acetoneH:brified fi^gal oil. Acetcnie^larified fiu^ oil is preened for fimher 
processing (e.g., degumming, bleaching and deodorizing by conventional 

IS tec hniq ues) because the fines produced durii^ extraction of the fimgal biomass 
will interfere widi die refining processes if not removed in die !u:^one step. 

Another prefierred embodiment involves the counter-current extraction 
of dry biomass, which, may be carried out in commercially available extraction 
units, for example, those manufactured by Crown Ironworks (Crown Mark IV) 

20 or French, Inc., diat are not generally used to extract vegetable oils, but were 
designed to extract dirt and soil. Aldiough exttaction effickncies are not as high 
widiout die regrinding of die biomass, die counter currem extraction procedure 
has die advantage of producing fewer "fines" diereby reducing die technical 
difficulty in recovering a dear refined oil. 

25 Alternatively, die wet cake (which typically contains about 30-50% 
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solids) can be cnimbled and extracted directly using polar solvents such as 
^faanol or isoproi^l alcobol, or siq>eraitical fluid extraction with solvents such 
as COj or NO. Prefierably, the cakes are crumbled prior to extraction. 
Advantageously, the present invention permits the economical use of 
5 supercritical fluid extraction techniques. McHueh. et al.. Supeicritical Fhiid 
Extraction, Butterworth (1986). Such techniques are known to those of skill in 
the art and inchide those presently sQiplied. for exan^le. to decaffeinate cofiee 
beans. 

A preferable iiKthod of aqueous extraction involves mixing the mycelial 

10 biomass with the polar solvent isoprof^l alcohol in a suitable reaction kettle. 
Such kettles are known. The use of three to six parts of solvent per part of 
biomass is desired. Most preferably, the mixii^ is done under nitrogen or in the 
presence of antioxidants to prevent the oxidation of the ARA in the hpH extract. 
As used herein "Iqrid extract", "oil", "Iq)id coiqilex" and "fuAgal oil" are used 

15 interchangeably. 

After extracting, the mixnire can be filtered to remove the biomass from 
the solvem containing the lipid extract. At this point, the biomass can be 
recovered and used as a food supplement. As used herein, "food supplement" 
means feed or an additive to be mixed with typical feed, such as grain, etc. . that 

20 can be provided to animals. 

The solvent is separated from the lipid extract ami also can be recovered 
for raise, as by evaporation into a suitable collector, leaving what is referred to 
herein as die "crude oil." Use of is(^)ropyl ateohol as the solvent desirably 
results in die removal of any residual water from the crude oil, as the 

25 evaporation removes the water/isopropyl alcohol azeotrope which has 
spontaneously formed. 

While die crude oil can be used widiout iurther treatment, it also can be 
fmther purified. Processes such as diose used in the preparation of lecidiin from 
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vegetable products, and known to diose of skill in die art, can be used in this 
additional purification step. Such processes do not chonically or covalently 
modify the ARA-containing lipids or the ARA itself. 

Yields vary, but typically are about 5 grams of ARA-containing 
5 phospholipid per 100 grams of dried mycelia. In the case of M. alpina, an 
additional 10-50 grams of triglycnide per 100 grams of dry mycelia can be 
obtained. Either the crude oil or the refmed product can be used for 
administration to humans. Both shall be mcluded within the definition of 
ARASCO as used herem. 
10 A most pr eferred object of the invention is lo provide an additive for use 

witfi human infiEuit formulas, such that the concentration of ARA in such formula 
closely iqiproxhnates the concentration of ARA in human breast milk. Table 2 
conqrares the composition of the fatty acids in ARASCO with those m breast 
milk and infiuit formula lacking and containing ARASCO. 

15 
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Table 2. Fatty Acid Gcnqwsition of Fm^ Oil Products And Mother's Milk 



5 







Infant 


Formula 


Breast 


FattY Acid 


ARASCO 


Formula^ 


+ Oil 


Milk 


8,0 


-- 


24.1 


23 


.6 


0.35 


10:0 


-- 


17.7 


17 


.3 


1.39 


12:0 


-- 


14.9 


14. 


.6 


6.99 


14:0 


4.6 


5.8 


5 


.8 


7.96 


16:0 


16.0 


6.8 


7, 


.0 


19.80 


16:1 


3.2 


0.2 


0. 


.3 


3.20 


18:0 




2.3 


2 


.3 


5.91 


18:1 


26.4 


10.0 


10 


.3 


34 .82 


18:2n6 


9.9 


17.4 


17 


.3 


16.00 


18:3n3 


4.1 


0.9 


1 


.0 


0.62 


20:1 


2.2 


0.1 


0 


.14 


1.10 


20:2n6 










0.61 


20:3n6 


1.4 




0, 


.03 


0.42 


20:4n6 


32.0 




0, 


.64 


0.59 


20:5n3 










0.03 


22:1 










0.10 


22:4n6 










0.21 


22 : 5n6 










. 0.22 


22 : 6n3 










0.19 



25 

As can be seen, the amount of ARA present in the infiuit formula 
supplemented by ARASCO closely !q>pioxinuites the ARA levels in human 
breast milk. Additionally, the total fatty acid composition of the infant formula 
has not been significantly altered by the addition of the ARASCO. Typically, 
30 between about 50 to about 1000 mg of ARASCO per liter of infant formula can 
be used. The specific amount of ARASCO required depends upon the ARA 
content. This can vary fiXMn about 10 to about 70% of the fatty acids in the oil. 
However, typically the ARA content is about 30-50%. Preferably the oil used 
to suf^lemem in£am formula contains at least 40% of the fatty acid residues as 
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ARA. more preferably at least 50% as ARA residues. When the ARA content 
is about 30%. an eq)ecially prefened siq>plementation rate is about 600 to 700 
mg of ARASCO per liter of infant formula. Such a rate dilutes the pre-existing 
fat conqwnents of an infant formula sudi as Similac* (Ross Laboratories, 
5 Cohmibus. Ohio) by only one part ARASCO to fifty parts formula oils. Similar 
dilution rates can be calculated for oils having higher ARA contents. 
Preferably, the ARASCO is substantially free of EPA. 

When PyOiium insidiosum is used in the described process, die extracted 
ARA-containing oil is predominantly phospholipid. However, it has been 

10 discovered that a significant amount of triglyceride which is high in ARA 
residues may also be recovered firom P. insidiosum cultured as described herein. 
When MoniereUa aipina is used in this process, the ARA-containing oil is 
predominandy triglyceride. Both forms of ARASCO are useful as additives to 
infiant foimula. The former not only provides the formula with ARA, but also 

IS with an emulsifier, i.e., phosphatidyl choline, which is commonly added to 
commercial formulas. The oil from M. aipina is likely to be more economical 
to produce. 

The ARA-containing oil of the present invention has many uses in 
addition to its use as an additive for infant formula. As known to those of skill 

20 in die art, there are many padiologies associated witti ARA deficiencies, such as 
marasmus (Vajreswari. et al.. Metabolism 39:779-782 (1990)), atopic diseases 
(Mehiik. B.. Monatsschr Kindertieilta 138:162-166 (1990)). Uver disease, 
phenyl ketomiria, schizophrenia, tardive dyskinesia or various peroxisomal 
disorders. In oat embodiment of die presem invention, those pathologies are 

25 treated by administerii^ a pharmaceutically effective amoum of die oil of the 
present invention. Typically the pharmaceutically effective amoum is the 
amount required to normalize the serum level of ARA in the patient. 
Particularly preferred for supplementation to treat such padiologies are the high 
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ARA oils described above, especially oils having at least 40% ARA. or more 
preferably 50% ARA residues. The oil can be administered enterally, topically 
or parenterally, as selected by the provider of health care. 

Encapsulation, as known by diose of skill in the art, is an effective 
5 method of enteral administration. Cq>sules containing the fungal oil can be 
administered to those persons requiring or desiring dietary supplementation of 
ARA. Such a mediod is particulariy effective for administering ARA to 
pregnant or nursii^ women. 

In instances where ARASCO is being administered to combat ARA 
10 deficiency associated pathologies, a pharmaceutically effective amoum should 
be administered. This amount can be determined by those of skill in the art 
without undue experimentation. Typically this amount is O.S-2.0 g/day, which 
will usually normalize the serum level of ARA. 

Another embodiment of the' present invention entails cosmetic 
IS compositions containing ARASCO, sudi as die high ARA oils described herein. 
Cosmetic compositions refer to those compounds applied as cosmetics. A 
preferred example of such a conqx>sition is a wrinkle cream. Such cosmetic 
compositions provide an effective means of topically applying ARA to skin to 
assist in maintaining skin tone. 
20 The invention having been generally described, the following specific 

non-limiting examples are set forth to furdier illustrate the invention. 
KifampiP 1. Preparation of F. maOmuan ii|rid and addition to 
infant formula 

In an 80 liter (gross volume) fermentor, 51 liters of tap water, 1 .2 kg 
25 glucose. 240 grams of yeast extraa and 15 ml of MAZU 210S* antifoam were 
combii^. The fermentor was sterilized at 121 "C for 45 minutes An 
additional 5 liters of condensate water were added during the sterilization 
process. The pH was adjusted to 6.2, and ^iproxiinately 1 liter of inoculum (at 
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a cell density of S-lQg/l) of ^sQma insidiosaim (ATCC #28251) then was 
added. The agitation rate was adjusted to 125 RPM (250 cm/sec tip speed) and 
the aeration rate was set at 1 SCFM (standard cubic feet per minute). At hour 
24 in the opexa!&oa the aeratimi rate was increased to 3 SCFM. At hour 28 an 

S additional 2 liters of 50% ghK»se syrup (1 kg glucose) were added. At hour 50 
the fermentor was harvested, resulting in a yield of about 2.2 kg wet weight 
(!q)proximately 15 g dry weight) per liter. Harvested biomass was squeezed to 
a high solids cake (50% solids) on a suction filter before freeze dryiiig. The 
dried bicxnass was ground widi a mortar and pestle and extracted with 1 liter of 

10 hexane per 200 grams of dry biomass at room tenq)aature under continuous 
stirring for 2 hours. The mixture then was filtered and the filtrate evaporated 
to yield about 5-6 grams of crude oil per 100 grams of dry biomass. The 
biomass then was reextracted with 1 liter of ethanol per 20 grams of dry biomass 
for 1 hour at room tonperalure, filtered, and the solvent evqxnated yielding an 

15 additional 22 grams of crude oil per 100 grams of dry biomass. The second 
firaction was predominantly phospholipids whereas the first fraction contained 
a mixture of phospholipids and triglycerides. The combined fractions produced 
an oil containing about 30-35% arachidonic acid and no detectable EPA. This 
oil was added drc^wise to the commercial infant formula product Similac* (Ross 

20 Laboratories, Cohmibus. Ohio) at a supplementation rate of 60 mg per liter of 
prepared medium. 

KKampte 2. Preparation of M. a^nna Bfrid and additioD to infant 
formula 

Mortierella a^ina (ATCC #42430) was grown in a 2 liter shake flask 
25 containing 1 liter of tq> water and 20 grams of potato dextrose medium. The 
flask was under constant orbital agitatitm and was maintained at 25''C for seven 
days. After harvesting by centrifiigation, the biomass was freeze dried yielding 
about 8 grams of lq)id-rich mycelia. The mycelia was extracted using hexane 
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as in exan^le #1 and about 2.4g of cnide oil resulted. This oil contains about 
23% arachidonic acid and was added to the commercial fonnula Similac* 
dropwise in concentrations of 1000 mg per liter. 
KMmnlfi 3. Large Scale Production of Arachidonic Add by M. 
5 al^nna 

Inoculation fermentor containing medium GYE (50 g/L dextrose and 6 
g/L Tastone 154) is inoculated with M. alpina. Fermentation tenqierature is set 
at 28°C. initial agitation at 130-160 cm/sec. faiitial vessel fufessure at 6 psi, and 
initial aeration rate at 0.2S WM. pH is adjusted to S.O presterilization, and 

10 initial femmitation pH is set to 5.S post-sterilization. Medium is ma intained at 
pH 2 5.5 with 8N NaOH. Oxygen level is maintained at D.O. 2 40% by 
adjusting agitation/aeration in die following sequence: increase vessel pressure 
to 11 psi; increase agitation to 175 cm/sec impeller tip speed; and increase 
aeration to 0.5 WM. Foaming is controlled by addition of Dow 1520-US 

15 antifoam as needed. (Approximately 0. 1 ml/L of the antifoam should be added 
to the medium prior to sterilization to help prevent foaming.) 

Transfer inoculum from seed fermemor to main fermentor within 12 
hours after pH rises above 6.0. 

The main fermentor contains GYE medium (50 g/L dextrose and 6 g/L 

20 Tastone 154); glucose is sterilized sq)arately and added to the main fermentor 
after sterilization. Fermentor temperature is sa at 28''C. initial agitation at 160 
cm/sec, initial vessel pressure at 6 psi. and initial aeration rate at 0.15 WM. 
Initial pH is set to 5.5 post-sterilization, and maintained at pH 2 5.5 with 8N 
NaOH. pH is allowed to rise during stationary phase (begiiming about 24 hours 

25 after inoculation), but maintained below pH 6.8 with H2SO4 addition. Oxygen 
level is maintained at D.O. 2 40% by sequentially increasing vessel pressure to 
11 psi, increasing agitation to 175 cm/ sec impeller tip speed, and increasing 
aeration to 0.5 WM. Foammg is comrolled by addition of antifoam Dow 1520- 
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US, as needed. (Approxmiately 0.1 ml/Lof ttieantifoamslxNildbeaddedtothe 
medium prior to sterilization to telp prevoit foaming). 

The culture is sanqiled eveiy 12 hours for biomass and fatty acid 
analysis, and harvest is initiated 3-4 days after pH rises to 6.S. Dry biomass 
S density should be 2 8.5 g/L. Glucose concentration in the broth should have 
dropped from 50 g/L to ^ 25 g/L. At harvest, the whole culture broth is passed 
through a basket centrifuge to sqiarate the mycelia from the spent medmm, and 
the biomass is dried. 

Rxampte A. Impiwred yidd (rf Biomass fiiom o^nmi • First Run 
10 M. a^ina was cultured in 20 L stirred tank fermentors. inoculated from 

shake flask culture, according to the procedure in Exanq>le 3. Culture ofM. 
alpina in 65 g/L ghicose (Staleydex), and 6 g/L yeast extract <Tastone 154), 
resulted in the production of 12 g/L biomass. The addition of an additional 6 
g/L Tastone 154 at 16 hours, resulted in the production of 18 g/L biomass. 
15 Examplg ^. Improved yield of Biomass from M. alpina - Secmid Run 

Experiments were carried out in an attempt to increase the biomass 
fiirther by additional additions of Tastone 154. These experiments consisted of 
2 X 20 L fermentations, of 168 hours residency. For both these fermentations, 
the initial ghicose concoitTation was 100 g/L (as compared to 65 g/L for 
20 Exanqple 4). One fermentor received 3X6 g/L additions of Tastone 154, and 
the otter received 4X6 g/L additions. The yeast extract was made up as a 
concenttated sohitibn, autoclaved, and added to the fiennentor at various times 
post-sterilization. 

To prq>are the inoculum, working seeds (1 ml macerated mycelium) 
25 were inoculated into 2 flasks, each containing 50 ml of GYE medium (100 g/L 
Staleydex, 6 g/L Tastone 154), and grown for 4 days at 28°C and 150 ipm. 
After 4 days of growth, the broth contained pelleted biomass; pellets were 2-5 
nun in diam^er. The growth in these flasks was slower than expected, possibly 
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due to the higher concentration of glucose. The binnass was macerated for 2 
X 3 sees in a Waring blender, and 2S ml of macerate was used to inoculate each 
of 2 X 2.8 L Fembach inoculum flasks. 800 ml net volume. (In earlier 
experiments, 10 ml of macerate had been used. The amoum of inoculum was 
S increased, because of the lower biomass density in the seed flask, and because 
it was expected that growth may be slower in the Fembachs, due to the higher 
glucose concentration.) The medhun in the Fembach flasks was dextrose 
(Staleydex) 100 g/L and yeast extract (Tastone 154), 8 g/L. The dextrose and 
yeast extract were autoclaved separately for 40 min. Seed fermentation 
10 tenqperanire was maintained at 28 "C and agitation at 100 rpm to 150 rpm. 

After 44 hours culture in the Fembach flasks, the inoculum was 
transferred to 2 X 20 Lfermentors. The inocuhnn was in the form of very loose 
hyphal aggregates, and the biomass density was approximately 5.2 g/L. 

Fermentors at stations 14 and 15. containing 1.6 kg (10%) dextrose 
15 (Staleydex). and Mazu 204 antifoam (1.6 g. dissolved in 12.5 L R.O. HjO). 
were sterilized for 45 min at 122° C. 800 ml of inoculum (5%) was then added 
to each fermentor (at 0 hours). Fermemor operating parameters were: 
tenq>erature: 28"C. 

pH: controlled at 5.5 with 2 N NaOH and 2N H2SO4. 
20 aeration: 0.5 WM. 

backpressure: 0.2 bar. 
agitation (initial): 80 cm/sec. and 
D.O.: controlled above 40%. 

StalionJl: 3 X 6 g/L Tastone 154 
25 Yeast extract (Tastone 154) was dissolved to a concentration of % g/L 

and autoclaved for 1 hr. Yeast extract feeds in 3 X 1 L amounts (1.8%), were 

made at 0, 20. and 26 hours. 

At 15 hours, the DO dropped below 40% and agitation was increased 

incrementally to 175 cm/sec from 15 to 22 hours. DO was then controlled by 
30 amending the airflow with oxygen; oxygen was added to the airflow fronv23 
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to 72 tours. Startiiig at 36 tours, die agitation was further increased to 
proper mixing. By 48 tours, agitation had been increased to 200 on/sec; by 72 
hours, to 250 cm/sec; and by 80 hours, to 280 an/sec. At 120 hours, agitation 
was increased to 290 cm/sec to pnnnote adequate tenq>erature control. At 144 

5 hours, agitation was reduced to 280 cm/sec. 
Station 15 : 4 X 6 g/L Tastone 154 

Yeast extract (Tastone 154) 384 g was dissolved in 96 g/L, and 
autoclaved for 1 hr. Additions of yeast extract in 4 X 1 L amounts (2.4%) were 
made at 0, 20, 26, and 32 hours. 

10 At 16 hours, DO dropped below 40% and agitation was increased 

incremoitally to 175 cm/sec by 23 hours. DO was then controlled atove 40% 
by amending tto airflow with oxygen; oxygen was added to the airflow from 
23 to 72 hours. Starting at 36 tours, tto agitation was ftirther increased to 
ensure proper nuxing. By 48 hours, agitation had beoi increased to 210 cm/sec; 

15 72 hours, to 260 on/sec; and by 80 tours to 290 on/sec. At 90 hours, tto 
agitation was reduced to 280 cm/sec, and at 144 hours, it was reduced to 260 
cm/sec. 
Observations: 

At inoculation, the biomass in both fermentors was in the form of very 
20 loose, feattory, hyphal aggregates. By 24 hours, pellets began to form. The 
peUets were small (1-3 mm), with snuill central cores and wide loose 
peripheries. At 48 hours, tto pellets were larger, and totter defined. By 72 
tours, die peripheries were narrower, and tto presence of matiy loose hyphal 
fragments indicated that tto pellets were fragmentiiig. By 168 hours, pellet 
25 cores were 0.5 to 2 mm in diameter, die peripheries were reduced with the 
hyphae aggregating into thick strands, and there were many condensed hyphal 
Aggregates. 

Tto fermentors foamed only slighdy for tto first 24 tours. Tto amount 
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of foamii^ then increased, and was controlled by manual addition of antifoam 
when th£ foam head was greater than 2-4 cm. Foaming had subsided somewhat 
by 48 hours, although diere were qwradic outbreaks. Both femMntors foamed 
into the ent filters once durii^ the course die fernientations. The fermentations 

5 required approximately 150 ml of antifoam. 

Both fermentors accumulated a considerable amount of accreated bioroass 
in the headspace. This is not an uncommon problem with mycelia fermentation 
in small fermentors with large surface area/volume ratio. The amount of 
accreated biomass in Sm 15 i^ipeared to increase during die last 24 hours.* when 

10 the lowered vohmie level resulted in a considerable amoum of splashing (die 
liquid level was approaching die top inqseller). The final vohmie in the 
fermentors after 168 hours was i^roximately 13 L. 

Microsc(q>ic examination showed that, by 72 hours, nnich debris was 
presem in the culture broth, and there was some evidence of damaged and 

15 atrophied fiii^al tips. The presence of oil droplets in die cytoplasm was 
demcmstratedby nile red stainiiig at 168 hours. The oil droplets were veiy small 
and numerous, in contrast to die large oil drops sometimes seen. Biomass and 
oil yield, along with carbon and mtrogen utilization are shown in Table 3. 
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97.4 
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24 
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21.9% 


0.15 
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0.3 


23.6 


6.8% 


23.1% 


0.80 
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29.8 
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23.9% 
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96 


40.0 
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25 
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19.8 




33.5 
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— y 
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11.0 




29.9 


21.7% 
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30 Eamplf ff. Improved yield of biomass from M. alpina - Third Run 

This set of experiments attempted to fiirther increase the amount of product 
obtained by increasing the levels of phosphate and minerals. The procedure was 
essentially that of Example 5. except that the dextrose and Mazu 204 antifoam 
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were dissolved in 11.5 L of R.O. HjO. rather than 12.5 L. to leave roan for tbe 
salt sohitions which were added at 30 hours. Stn. 14 received additional Fe, Zn, 
and Cu; Stn 15 received additional phosphate^ as well as Fe. Zn, and Cu. 
Station 14 : 3 X 6 g/L Tastone 154 
5 Yeast extract was dissolved at 96 g/L. in 3 X 1 L amounts, and autoclaved 

for 1 hr. One liter aliquots of the yeast extract solution were added at 0, 22. and 
28 hours. At 22 and 28 hours, the carbon dioxide evohition rate <CER. an 
indication of the metabolic rate in the fermentor) was increasing exponentially, 
and the fermentation had just started calliiig for base. 
10 The salts feed contained: 

F^l, 6H2O 4 8 0 

mg 

ZnSO* THjO 2 4 0 

mg 

15 CUSO45H2O 1 6 

mg 

The FeCl] was dissolved in 1 L of 5 g/L citric acid. The ranaining salts 
were added, and the pH adjusted with NaOH to 4.5. The solution was 
autoclaved for 1 hour. The salts feed was added at 30 hours. 

20 The hotial agitation rate for the fermentor was SO cm/sec, rather than 80 

cm/sec. as originally planned, because die initial level of liquid in die fermentor 
(13 L) resulted in top impeller being just barely submerged, and the higher 
agitation rate resulted in significantly more flashing. At 16 hours, the D.O. 
dropped, below 40%, and agitation was increased incrementally to 175 cm/sec 

25 by 28 hours. D.O. was then controlled above 40% by amending the airflow 
widi oxygen. At 46 hrs. the agitation was inocased to 190 cm/sec to allow for 
mixing. Agitation was further increased to 200 cm/sec by 48 hours, to 220 
cm/sec by 51 hours, to 235 can/sec by 53 hours, to 250 cm/sec by 56 hours, to 
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260 cm/sec by 57 hours, and to 280 cm/sec at 70 hours. Evoi at this agitation 
rate (450 rpm),mixii« was poor. While a mhmnal criteria of 'sodbb moveniait' 
was maintained, the turnover of biomass was very slow, and some areas 
approached stagnation. The addition of a few drops of antifoam reduced the 
5 foam head, and removed stagnant pockets. At 116 hours, the agitation was 
reduced to 26S cm/sec, and at 120 hours, it was further reduced to 250 cm/sec. 

The fermentor started to foam at approximately 18 hours. Foaming was 
controlled by manual addition of antifoam. Antifoam was first add ed at 20 
boiu^. By 24 hours, the fermentation was foamii^ significantly, and requited 
10 the regular addition of antifoam. By 72 hours, the foamii^g had, for the most 
part subsided. However, the fomentation still requued the occasional addition 
of antifoam. 

By 24 hours, the biomass was in the form of very loose pellets (l-2mm) 
and loose hyphal aggregates. There was a considerable amount of cellular 

15 debris. By 48 hcnirs. the biomass was in the form of very loose hyphal 
aggregates, very small pellets (1-2 mm) with very small cores and loose 
peripheries, and small compact pellets (1-3) without loose peripheries. By % 
hours, the biomass was in the form of conq)act, round pellets (1-2 mm), needle 
shaped pellets (less than 0.5 mm), and loose hyphal aggregates. Nile red 

20 stainmg at 144 hours showed the presence of many, very small oil drt^K in the 
mycelia. 

Station 15 : 3 X 6 g/L Tastone 154 

Yeast extract was dissolved at 96 g/L, and autodaved for 1 hr. The yeast 
extract solution was added in 3 X 1 L amounts at 0, 22, and 26 hours. At 22 
25 and 26 tours, the CER was increasing exponentially, and the fermentation had 
just started calling for base. 
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A salt feed was prepared containing: 



KHjPO* 7 



7 



g 



5 



FfeCl3 6H,0 4 



8 



0 



ZnS04 7HjO 2 



4 



0 



mg 



CUSO45H2O 



1 



6 



10 



The FeCl, was dissolved in SCO ml of 5 g/L citric acid. The remaining 
salts were added, and the pH adjusted with NaOH to 4.5. The KH2PO4 was 
dissolved m SOD ml R.O. water. Both solutions were autoclaved for 1 hour, and 
15 then cooled to 23 C. before bemg combined and added to the fermentor at 30 
hours. 

The uiitial agitation rate m the fermentor was SO cm/sec, rather than 80 
cm/sec. as origmally planned, because die initial level of liquid in the fermentor 
(13 L) resulted in top impeller being just barely submerged, and the higher 

20 agitation rate resulted in significantly more splashing. At 16 hours, the D.O. 
dropped below 40%. and agitation was increased incrementally to 175 cm/sec 
by 27 hours. D.O. was then controlled above 40% by amendii^ the airflow 
wtdi o^gen. At 41 hours, agitation was increased to 200 cm/sec, to allow for 
at least a minimal amoum of mixing. Agitation was fiirther increased to 220 

25 cm/secat42hrs, to 230 cm/sec at 46 hours, at 235 cm/sec at 51 hrs, and to 240 
cm/sec at 70 hours. At this agitation rate (410 rpm), mixing was only poor to 
&ir. A minhnal level of biomass movemem was maintained. At 80 hours, 
agitation was reduced to 205 cm/sec. 



The fermentor started to foam at approximately 18 hours. Foaming was 



30 controlled by manual addition of antifoam. Antifoam was first added at 17 
hours. By 20 hours the fermentation was foaming significantly, and it required 
the regular additi(Hi of antifoam. The foaming had largely subsided by 72 hours. 
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However, the fermentatioii still required tlie occasional addition of amifoam. 

By 24 hours, the biomass was in die form of very loose pellets (l-2nun) 
and loose hypbal aggregates. There was a considerable amount of cellular 
debris. By 48 hours, the biomass was in die form of very loose hyphal 

5 aggregates, very small pellets (1-2 nun) with veiy small cores, and loose 
peripheries, and small contact pellets (1-3) without loose peripheries. By 96 
hours, the biomass was in the form of round pellets. 1-2 mm in diameter, many 
with loose, hairy perq>heries. and many loose hyphal fragments. Nile Red 
staining at 144 hours showed die presence of many, very small oil drops in some 

10 mycelia, and also the presence of very large oil drops throughout odiermycelia. 

Sm IS. which differed from Sm 14 only by the addition of phosphate, 
showed better mixing duoughout the fermentation, at generally lower agitation 
rates. Sm IS also exhibited a. 'looser' biomass moiphology. Biomass and oil 
yield, as well as carbon utilization are shown in Table 4. Greater glucose 

IS utilization (82 g/L for Stn IS conqMued to 64 g/L for Sm 14). higher biomass 
accumulation, and presence of large oil drops in portions of the mycelia 
characterized the fermentor containing higher phosphate. 
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Table 4 Fenncntaiion Time Course 



5 



25 



Stnl4 1 


+ Sahs 


Log Hour 


Glucose 


Dry Wt 


oQ content 


ARA content 


productivity 






(g/L) 


(%diy wt) 


(% of oil) 


(goiUUA) 


0 


116.0 


1.1 








24 


101.0 


1.8 


1.2% 


22.2% 


0.02 


48 


84.0 


14.3 


6.2« 


24.7% 


0.44 


72 


60.0 


24.5 


10.6% 


24.2% 


0.87 


96 


45.0 


28.2 


15.5% 


25.3% 


1.09 


120 


34.0 


28.9 


18.1% 


26.6% 


1.05 


144 


27.0 


30.8 


20.8% 


27.2% 


1.07 






StnlS 


+ Salts + Phosidiates 


Log Hour 


Glucose 


Dry Wt 


oil ccnuent 


ARA content 


productivity 




(g/L) 




(% dry wt) 


(% of oil) 


(g oU/Ud) 


0 


113.0 


0.4 








24 


101.0 


2.1 


1.1% 


24.0% 


0.02 


48 


74.0 


21.7 


8.1% 


24.7% 


0.88 1 


72 


51.0 


26.2 


19.9% 


26.5% 


1.74 


96 


31.0 


30.1 


25.5% 


28.6% 




120 


18.0 


33.8 


31.7% 


31.4% 


2.14 


144 


6.0 


34.5 


36.0% 


32.9% 


2.07 



EMBiplff 7» Large Scale Production of M. al/rina biomass amtainiiig 
Arachidonic Add 

A seed fennentor containing GYE medium (50 g/L dextrose and 6 g/L 
30 Tastone 154) is inoculated from propagation fennentor. Temperature of 28°C 
is maintained and initial agitation set to 130-160 cm/sec (about 43 rpm). Initial 
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vessel pressure is 6 psi, and initial aeration rate set at 0.2S WM. pH is 
adjusted to 5.0 presterilization, then initial lermentor pH is s^ to 5.5 post- 
sterilization. Oxygen level in the medium is maintained D.O. >_ 40% by the 
following sequeiK:e: (I) increase vessd pressure to 11 psi. (ii) increase agitation 

5 from 156 to 175 cm/ sec inspeUcT tip speed, and (iii) increase aeration to 0.5 
WM. Foaming is OMitrolled by addition of antifoam Dow 1520-US, as needed, 
(^iproximately 0. 1 ml/L of the antifoam should be added to the medium prior 
to sterilization to help prevent foaming.) After inoculation, the culture is 
maintained at pH ^ 5.5 with 8N NaOH. 

10 Within 12 hours after pH rises above 6.0, the contents of die seed 

finmentor are transfierred to the main fiermentor. The main fiermentor medium 
contsins 

80 g/L dextrose (ADM) 
16 g/L soy flour (ADM nutrisoy) 
15 30 mg/L FeCl3*6H20 (Sigma/Aldrich) 

1.5 mg/L ZnS04»7H20 (Sigma/Aldrich) 
0. 1 mg/L CuS04»5H20 (Sigma/Aldrich) 

1 mg/L biotin (Sigma/Aldrich) 

2 mg/L thiamine*HCl (Sigma/Aldrich) 

20 2 mg/L pantothenic acid (hemicalchim salt) (Sigma/AUrich). 

(Adjust to pH 4.8-5.0 pre-sterilization.) 

Inoculate main fiermemor with Seed fermentor (11.8%). Fermentor 
tenq)eraturB is kept at 28''C. Initial agitation is set to 162 cm/sec (ca. 23 rpm), 
25 the initial vessel pressure to 6 psi, and the initial aeration rate K> 0.15 WM (ca. 
300scfh). 

Oxygen level in the medium is maintained at D.O. ^ 40% by I) 
increasing vessel pressure to 11 psi. ii) increasing agitation to 300 cm/sec 
impeller tq> ^leed (in mcrements of ca. 30 cm/sec), and iii) increasing aeration 
30 to 0.5 WM. 
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pH is profiled according to the following pH control protocol: 

* Initial pH set to S.S post-sterilization. Maintain pH at ^ 

5.5 with 8N NaOH. 

• At 24-36 hours after inoculation add the following: 
5 2g/LKH2PO4(110kginca. TOOLHjO). 

* At 48 hours, if dextrose omcentration is ^ 60 g/L, change 
pH set point to ^6.1. 

• At 72 hours, begin to slowly raise die pH set point to ^ 

6.6 at a rate of ca. 0.1 pH units per hour. 

10 • Maintam pH below 7.3 with HjSO* addition if necessary. 

Fennentor is sanq)led every 12 hours for biomass and fatty acid analysis, 
and harvest is begun approximately 3 days after raising pH to ^ 6.6 (about 6 
days after inoculation). Dry biomass density should be ^ 24 g/L. Dextrose 
15 coiM»ntration in the broth should have dropped from 80 g/L to ^ 14 g/L. 

Harvest is perfoimed by passing die whole culuire broA through a rotary 
vacuum filter to separate the mycelia from the spend medium. 

The results of two Qrpical fietme n tation runs according to the procedure of 
diis Example are shown in Tables S and 6. 

20 
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Table 5. Progress of M. alpim Fennentatkm 



Culture I 


nedhuns = 


Glucose (80g/L) + Soy Flour (16g/L) + Sahs + Vitamim 


log 
hour 


Glucose 
(g/L) 


NH3 
(mM) 


dry wt. 
(g/L) 


oil contoit 
(% of dry wt) 


ARA content 
(% of oU) 


Productivity 
(g oil/L/d) 


0 


58.0 












66 


43.0 




12.6 


14.9% 


33.7% 


0.68 


94 


33.0 




17.0 


27.0% 


40.0% 


1.17 


118 


23.0 




20.6 


28.2% 


42.6% 


1.18 


142 


16.0 




17.1 


39.2% 


44.2% 


1.13 


165 


9.6 




21.5 


41.5% 


45.5% 


1.30 


188 


5.2 




19.8 


41.7% 


47.3% 


1.05 


215 


1.7 




23.2 


46.0% 


48.9% 


1.19 


237 


0.2 




23.1 


44.8% 


51.2% 


1.05 



2^jc6;___Hogwsof Af. alpim Fermettfation 



Culmre medium = Glucose (65g/L) + Soy Flour (16g/L) 
+ Salts + Vitamins + Antibiotics 



[log 
1 hour 


Glucose 
(g/L) 


NH3 
(mM) 


dry wt. 
(gA.) 


oil content 
(% of dry wt) 


ARA content 
(% of oU) 


Productivity 
(g oil/L/d) 


0 














65 


36.0 




13.0 


8.2% 


29.0% 


0.39 


90 


23.0 




12.0 


18.0% 


42.0% 


0.58 


115 


15.0 




14.0 


30.0% 


47.0% 


0.88 


139 


9.0 




15.0 


32.0% 


51.0% 


0.83 


1 171 


4.0 




17.0 


36.0% 


55.0% 


0.86 


209 


1.4 




12.0 


36.0% 


57.0% 


0.50 


1 243 


0 




14 


37.0% 


60.0% 


0.51 


1 187 


0 




13 


34.0% 


64.0% 


0.57 
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CX.A1MS : 

1. An unmodified fungal triglyceride oil canonising at least about 
40% ARA in ttK triglyceride and no more than one tenth as much EPA as ARA. 

2. An umnodi^fuQgal triglyceride oil according to daim 2, Hie oil 
5 comprising at least 40% ARA in die triglyceride and essentially no EPA. 

3. The unmodified fungal niglyceride oil of claim 1 or 2, wherein the 
oil contains at least 50% ARA. 

4. An oil in accordance with any one of claims 1-3, wherein the 
fungus is Mortierella sp. 

10 5. The oil of claim 4, wherein the fiu^gus is Jlf. o^uta. 

6. A mediod for the production of an arachidonic acid-containing oil. 
said oil containing triglycerides wherein at least 25% of die fatty acid residues 
are ARA. and die amount of EPA residues in the oil is no more than one-fifth 
the amount of ARA residues, conqirising 

15 (a) cultivatii^ Mortierella ^. in an aerated fermentor containing 

culture medhim wherein a carbon source in an amount equivalent to at least 80 
g/L glucose and a nitrogen source in an amount equivalent to at least 15 g/L 
yeast extract are added to die culhire medhun over die course of die 
fennentation; 

20 (b) maintaining the pH between 5 and 6 at the beginning of the 

cultivation; 

(c) maintaining die pH between 7 and 7.5 at die aid of die cultivation: 

(d) harvesting tnomass from the fermentor and recovering said 
arachidonic acid-containii^ oil from said biomass. 

25 7. The mediod of claim 6. wherein die dissolved oxygen level in die 

culnire medium is at least 35% of die air saturation level. 

8. The mediod of claim 6, vtoein the nitrogen source is divided into 
two or more aliquots whidi are fed into die fermoitor at different times, at least 
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one aliquot being fed into die fennentor at a time different from die time die 
caibon source is placed into die fennentor. 

9. The mediod of any one of daims 6-8, wherein die MortiereUa sp, 
is M. dlpim. 

5 10. The method according to any one of claims 6-9, further wherein 

crude arachidonic acid-containing oil is recovered from die biomass by 
extraction with a non-polar solvent and the crude oil is clarified by exniaction 
widi a polar organic solvent. 

1 1 . The m^od of claim 10. wherein the non^iolar solvent is hexane. 
10 12. The mediod of daim 10, wternn die polar solvent is selected from 

die group consisting of acetone, tthanol and isopropyl alcohol. 

13. A method of providing triglyceride containing ARA to an infent 
formula which comprises adding an unmodified fiingal triglyceride oil 
comprising at least 40% ARA and conqirising no more than one fifth as much 

IS EPA as ARA to an infem formula in an amount sufficient to provide an ARA 
contem which corresponds to the amoum of ARA in human breast milk. 

14. A method in accordance with claim 13, wherein said oil is 
produced by a species of Mortierella. 

15. A method in accordance with claim 14, wherein said oil is 
20 produced by MortiereUa alpina. 

16. A method in accordance with any one of claims 13-15, wherein 
said oil conqirises no more dian one tendi as much EPA as ARA. 

17. A mediod in accordance widi any one of claims 13-16, wherein 
said oil conqirises essentially no EPA. 

25 18. A mediod in accordance widi any one of clauns 13-17, wherein 

said oil comprises 50% ARA. 

19. Infant formula comprising triglyceride containing ARA in an 
amoum comparable to die amoum in human breast milk wherein die ARA is 
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provided by adding to infent foimula a sufficient amount of an unmodified 
fungal oil comprising triglyceride containing at least 40% ARA and no more 
than one fifth as much EPA as ARA. 

20. Infant fonnula in accordance witti claim 19. wherein die 
5 unmodified fimgal oil coiiq>rises no more than one tenth as much EPA as ARA. 

21. Iiifam forrmila in accordaiice with claim 20, wherein said fungal oil 
is essentially free of EPA. 

22. Infant fonnula in accordance widi ai^ one of claims 19-21, wherein 
the unmodified fimgal oil comprises triglyceride containing at least 50% ARA. 

10 23. A method ofproviding a human with supplemental arachidonic acid 

(ARA) coinprising administering to a human in need of supplemental ARA a 
composition containiAg unmodified fungal oil containing ARA in the form of 
triglyceride, said oil containing at least 40% ARA and no more than one fifth 
as much eicosapentaenoic acid (EPA) as ARA. wherein said oil is presem in an 

IS amount effective to provide siqiplemental ARA to said human. 2 4 . 

The method of claim 23, wherein the oil conuins at least 50% ARA. 

25. The method of claim 23 or 24, wherein said composition is 
administered to the human in an amount that supplies 0.2-0.8 g ARA/day. 

26. The method according to any one of claims 23-25, wherein said 
20 composition is administered enterally. 

27. The method according to any one of claims 23-25. wherein said 
composition is adnunistered parenterally. 

28. The method according to any one of claims 23-25, wherein said 
composition is administered topically. 

25 29. The method according to any one of claims 23-25, wherein said 

human is a pregnant or inirsiiig woman. 

30. The method accordii^ to aiqr one of claims 23-25, wherein said 
human in need of supplemental ARA is suffering from a neurological disorder. 
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31. The method acconliiig to claim 30, wherein the neurological 
disordn is tardive d|yskinesia, schizofdirenia, or a peroxisomal disoider. 

32. The mediod accordfaig to any one of claims 23-25, wherein said 
human in need of supplemental ARA is suffering from a disease comlition 

5 associated with reduced senun level of ARA. 

33. The method according to claim 32, wherein the disease is a liver 
disease, phoiyl ketonuria or cystic fibrosis. 

34. A cosmic conqKisition ccmqnising unmodified fimgal oil 
containing ARA in the form of triglyceride, said oil containmg at least 40% 

10 ARA and no more than one fifth as much eicosq)entaenoic acid (EPA) as ARA, 
wherein said oil is present in said conq)osition in an amount effective to assist 
in maintaining skin tone when said conqxKition is applied topically. 3 5 . 
The cranposition of claim 34. wherem the oil contains at least 50% ARA. 
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